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IBAPIOJECH IS de5|ghed to support the
plementation of the California Air Resources
_Jg- ril (écl)QOB ship fuel regulation, which began on

e Jhile' most vessel operators are successfully
= complying with the regulation, some operators
= have reported operational dif; fficulties that may be
related to the use of the distillate fuel.

> Although the number of vessel incidents appears
to be decreasing as vessel operators adjust to the
new requirement, ARB has contracted with the
California Maritime Academy (CMA) to investigate
these incidents.
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S

sNlicsk 1 Identify Root Causes of Operational
= Difficulties or Incidents

s Jiask 2: Identify Lessons Learned by Vessel
Operators

» Task 3: Prepare a Technical Report
Summarizing Findings and Recommending
Solutions




w— Taskd
itify ' Root.Causes of-@perational™
Difficultiesior’Incidents

Ize  available information:

{Uhited States Coast Guard (USCG) casualty
~lIEPOrtS

— s (Contacts with shipping lines

. USCG staff who have conducted vessel casualty
investigations

Engine manufacturers
Marine engineers
Others, as needed.
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— Tasksl
ufi*Root.Causes ofi@perdtional™™

pAlvestigations will“ideally lead to root
salISESISUCh| as:
EGUIpMent type (e.g. fuel injection pumps)
“Make/model/age of equipment affected
“» Fuel switching procedures
» Maintenance practices

» Crew Training




Task«2
_ ' Jentify-lessons: Learneu by
' Vessel Op erators

s f—

= > These strategies may include changes in:
» \/essel maintenance practices.
» Fuel Switching procedures.
» Increased crew training.

» Fuel Sourcing (e.g. purchasing higher viscosity
distillate fuels)

= -he report will include a summary of the
- most recent information on operational
difficulties and vessel incidents that have
occurred since the Ship Fuel Rule was
implemented, and the extent to which these
incidents could be related to the use of low
sulfur fuel.




#NComparing them to other sources of vessel
"incidents that have occurred, both during and

== prior to the implementation of the rule.
o [dentify any trends in vessel incidents.

» Based on this information, CMA shall
recommend actions that the shipping lines

can take to prevent operational difficulties.
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gemajority are successfully operating on
isifuell
\What are the problems that have been
reported when burning low-sulfur distillate
and how can they be avoided or
minimized?

Staple gt Dead S/ow— main engine RPM varies
E engflne stalls when running at Dead' Slow.
IRl runi reliably at higher speeds.
o REVerse — main engine can run at low loads
Jdfdoesistart normally. However it cannot start in
grastern direction due to wind milling effect of
= —propgller when vessel is underway above a certain
- Speed.

- » External Leakage — Leaking O-rings on fuel valve
fuel injector) causing excessive fuel leakage &
eakagé on high-pressure manifold. Loss o
propulsion was due to a voluntary shut-down of the
main engine to repair leakage before vessel
proceeded to its destination.
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hited States Coast Guard Lossior:

BPropulsion'Incidents in"Galiférnia
(July 1, 2009 t6/March 31, 2010)

U.S. Coast Guard District 11, SF Bay Region and LA/LB, Loss of Propulsion
incidents where the use of distillate fuel was a contributing factor

gine for propulsion.

_i-No apparent trends with 2-stroke slow-
speed marine engine make or model
(other than percentage of engines in the
fleet visiting California)
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jtional Problems Reported s

in the"ARB Survey'q

PSEIiE Off high=pressure fuel pump: plungers
GINRECLOr needle valve.

pAESaKINg fitiel system circulating gear pump
st Seals.

Cow fiuel system operating pressure due to
~€ither excessively worn circulating pumps or
back-pressure regulating valve.

> One company reporting that vessel design
did not incorporate a sufficiently large diesel
oil service tank or fuel separators to run for
extended periods on light distillate.




Viseosity Issues
IEIRPUmp Internal Leakage

Viscosity

WISEOSItY Of heavy residual flels is maintained
Wyveen 10fand' 15 cSt.
Jithe fiuel viscosity exceeds 15 cSt the fuel may not
auoimize properly in the combustion chamber.

= herfiuel will loose its ability to lubricate the high-pressure
= fl%el gt%lmp plunger and barrel if the viscosity drops below
cSt.

1_Jght distillate viscosity should be kept above 2 cSt.

= — The viscosity should be maintained above the minimum to
~ maintain fuel lubricity and prevent excessive leakage in the
high-pressure fuel pump.
— At low engine loads the circulation of distillate through the
high-pressure pumps may heat the circulating fuel and
cause its viscosity to drop excessively.




fécit of the Fuel Systemi
onViscosity

At low'loads or when the engine is stopped, the
—  fuel continues to be circulated through the
- system picking up heat.
— Even with all of the system steam tracing turned

off, circulation through the high-pressure pumps
and fuel valves can increase fuel temperature.

allPressurized Fuel SyStemms
Design:Criteria

circulated.

> Modern systems are designed to handle fuel
with viscosities as high as 700 cSt at (50° C).
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Pressurized Fuel System

= »>To prevent the formation of vapor in the
circulating system, a fuel supply pump increases
the pressure of the fuel entering the circulating
system to a typical pressure of 4 bar.

ing of. the Distillate ATHIGW
Engine.loads

PIANGITCUIatoNI SyStem! IS necessary to insure
PIOPEROPEration off the diesel engine at all
gakconditions when burning HFO.

ArUndesired effect of the circulating system
‘thiat distillate fuel can pick up heat from
njection equipment as it is circulated.
~ » The temperature of fuel injection components will

~ be close to the temperature of the engine jacket
cooling water (80° C).
» The result is an undesirable drop in the viscosity

of the distillate fuel even with all the system
heating sources shut off.




PHERTthE eEngine s stopped fl_,le| can flow
uireuEh the high-pressure fuel pump suction

= = high-pressure pipe and into the fuel injector.

~ > The non-return valve mounted at the top of
the fuel injector directs the flow through the
fuel outlet connection where it returns back
to the system.
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Marine Diesel Engine Euel™

Circulation Start of opening T
; Fuel oil inlet

[ | injection

Fuel oil outlet
circulation

MAN B&W High-Pressure MAN B&W Fuel Valve Showing Fuel Circulation Paths
Fuel Pump 45

3ssive Internal leakage between the high-
iessure pump plunger and' barrel.
Shis problem isi most likely the root cause for the
majority of the LOP incidents.
She thinner the fuel, the more leakage will occur
B decreasing fuel injection pressures.
AR engine with worn hlgh-gressure fuel pumps
“may run at higher speeds but will have difficulty
starting or running at dead slow.
— Fuel injection pressure of mechanically actuated fuel

pumps tends to be lower at low engine revolutions
due to decreased plunger velocities.
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igh-'Pressure Fuel Pumpi s

nalseals for the puncture valve may be
served by the external Ieakagile or by the
:eased flow rate into the fuel catch tank.

eaklng O-ring seal in the suction valve may
jedlice injection pressures which would be
___nd|cated by a drop in exhaust temperature.

.

> Worn fuel pumps and leaking
suction valves will show up as
an increased fuel index in
relation to the mean pressure.

» The manufacturer
recommends overhauling the
pumps when the index has
increased by about 10%.

— Compare the current fuel index
to testbed documentation.

MAN B&W High-Pressure
Fuel Pump
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*Pressure Pump-FuelfIndex™

ouNt of pump Wear:.

=ihe Viscosity of the fuel oil.

S VLo viscosity will increase leakage in the fuel pump,
and! thereby necessitate higher indexes for injecting the
Same volume.

= E’heT cg}lorific value and the specific gravity of the
tEl oll.
v'These will determine the energy content per unit
volume and can therefore also influence index.
— All parameters that affect the fuel oil
consumption
v/ (ambient conditions, pmax, etc.)

Fuel Pump Plate
MAN BEW PA0A01-0173
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MAN B&W Mechanically Driven High-Pressure Fuel Pump




pExeessive) external leakage of fuel due to
IEBling seals and O-Rings.
SSihelight distillate can act as a solvent removing
S iandened deposits left by residual fuels.

he viscosity of the light distillate is much lower
“dllowing for a larger quantity of fuel to leak past.

— Sealing O-rings can loose their elasticity and
~ ability to seal properly due to the high
temperatures to which they are exposed.
v/Changing fuel temperatures cause expansion &

contraction of fuel system components. The O-rings are
not able to conform to the changes and leakage occurs.

31




PEermINg a test-runron light distillate

WEINPHIOrK to) the vessel entering a
anelvering situation is absolutely vital.

RhiS step would provide invaluable training to
the vessel crew and would provide them with
aniopportunity to repair any problems that
are revealed as a result.

 During this pre-test the condition of the high-
pressure fuel pumps should be checked to
determine that the internal leakage will not be
excessive on the less viscous distillate fuel.

_.p_r___

Breliminary Findings, Solutions'or RecommendatiGns

oncerninggProceduresiand/or Crew
Training

WENEssENtial that the ' vessel is supplied with
guten fuell change-over procedures that follow
GINE manufacturer’s guidelines.

MIHESE guidelines should be specific to the actual

S Shipboard! systems if they deviate from the standard
recommended fuel system.
Jihe engineering crew must fully understand the
procedures and know the locations of all pertinent
system valves and equipment.

» When shiftin? from heavy residual fuel to light
distillate, all fuel line steam tracing should be
turned off prior to change-over.
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Braliminary andings, Solutions'or Recommendatons
concerning . Proceduressandfor CreW"

Tl‘a i n i ng (Continued))

WiscosIty must be maintained! within
plifacturer’s recommendations throughout
Change-over process.

At low! viscosity fuels, the diesel oil day:
gk should be maintained at as low a
== lEemperature as possible.
» As an option, the engine manufacturers can provide
eguipment which has been designed to automate
the change-over process.

* Modern fuel systems react very quickly to any change and
this option would greatly assist the crew in maintaining
fuel viscosity and temperature during this transition period.
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_.p_r___

iminary Findings, Solutions or RecommendatiGns. s

Viscosity

9e- heated within the fuel system to the point
~that its viscosity drops below 2 cSt.

~ > 1Ifi the viscosity of the fuel cannot be maintained
above 2 cSt due to the absorption of heat within
the fuel circulating system, the addition of a
heat exchanger to cool the fuel would alleviate
the problem.




. The amount of allowable wear for fuel pump and fuel
- valve (injector) components will be correspondingly
less due to the viscosity of the distillate.

» The manufacturers' guidelines should be used as a
starting point and adjusted over time as experience is

gained with engine operation on distillate fuel.
37

_.p_r___

iminary Findings, Solutions or RecommendatiGns. s

Extermal.Leakage

isystem Ieakage should be repaired prior
LerBUIIng light distillate as the less viscous
IUEINENds to remove heavy fuel deposits
BEreby increasing the volume of the leak.

Neck the general condition of fuel system
Sealing O-rings to check for loss of elasticity
~0r cracking.

- > Check that the fuel rack moves easily without
binding and the pre-set governor speed
setting is correct.
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eliminary Findings, Solutions or RecommendatioNS .

O-Ring 'Seal Leakage

jore operating on light distillate fuel for the
I ‘-" uime, It may be beneficial to sample the
Gonaition of fue pump O-ring seals by removing
rJ.‘ from the oldest pump to determine if the
glasticity of the seals is adequate. Check to see
at the seal is still flexible and look for any
= —=5{gns of cracking.
~ »Ifi the sample seal is not in good condition, it
may be advisable to replace all seals prior to
running on light distillate fuel.

.
i 3 ’ ;
Preliminary”Findings, Solutionsior Recommendations

joper Governor Pre=set'Speetd™
or Binding of: the FueI Rack

fpressure is not set too low or for too short a time
‘period.

= TInsure that there is no binding in the fuel pumps, rod
- connections, or bearings.
> If the engine fails to start on Bridge control,
switching to the Engine Room Console may
allow the engine to start in some instances.




isthEsstaltingscharactieristicsiofithe
SEine on light distillate are proven:

Niicnsfer control to the engine control room
fEns reversing the main engine while under

v/This will allow the engineers to increase the
starting fuel setting if the engine does not start on
- the first attempt.
~»~Vessel engineers should be experienced in
controlling the engine from both the
engine control room and from the engine
side.

Next Steps

ESSOnSEarmed By Vesselfoperators.

] entify stiategies that have used to avoid vessel
INcidentsi based oni operators” experience while using

=V These stiategies will include vessel maintenance practices,

fitiel switching procedures, increased crew training, and fuel
sourcingl (e.g. purchasing higher viscosity distillate fuels).

v/ Gather information by direct observation aboard vessels
during their transit to and from California ports.

v'Talk with vessel chief engineers about their experiences with
distillate fuel and how engine maintenance has been
adjusted to accommodate the change in fuel.

> Prepare a technical report summarizing findings
and recommending solutions.
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